mORec'd POT/FTP SEP 2 4 2001 



TRANSMITTAL LETTER TO THE UNITED STATES 
DESIGNATED/ELECTED OFFICE (DO/EO/US) 
CONCERNING A FILING UNDER 35 U.S.C. 371 



ATTORNEY S DOCKET NUMBER 

BA-22788 



INTERNATIONAL APPLICATION NO. 
PGT/FRO 0/0062 



INTERNATIONAL FILING DATE 
MARCH 17, 2000 



PRIORITY DATE CLAIMED 
APRIL 2, 1999 



TITLE OF INVENTION 



, PROCESS FOR PREPARING ALIPHATIC FLUOROFORMATES 



GERARD SENNYEY; PHILIPPE DELABROUILLE ; DENIS GRENOUILL7A T 



Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US) the following items and other information: 
1 ■ GO This is a FIRST submission of items concerning a filing under 35 U.S.C. 371. 

2. Q This is a SECOND or SUBSEQUENT submission of items concerning a tiling under 35 U.S.C. 371. 

3. IT"] This express request to begin national examination procedures (35 U.S.C. 371(0) at any time rather than delay 
L&J examination until the expiration of the applicable time limit set in 35 U.S.C. 371(b) and PCT Articles 22 and 39( 1 ). 

**• lie! A proper Demand for International Preliminary Examination was made by the 19th month from the earliest claimed priorin date. 
5. A copy of the International Application as filed (35 U.S.C. 37 1(c)(2)) 

a - L3 is transmitted herewith (required only if not transmitted by the International Bureau). 

b. LZJ has been transmitted by the International Bureau. 

c. Q is not required, as the application was tiled in the United States Receiving Office (RO/US). 
6 EO A translation of the International Application into English (35 U.S.C. 371 (c)(2j). 

7. Qgj Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C. 371(c)(3)) 

a. R3 are transmitted herewith (required only if not transmitted by the International Bureau). 

b. have been transmitted by the International Bureau. 

c. Q have not been made; however, the time limit for making such amendments has NOT expired. 

d. Q have not been made and will not be made. 

A translation of the amendments to the claims under PCT Article 19 (35 U.S.C. 37 1(c)(3)). 
An oath or declaration of the tnventor(s) (35 U.S.C. 371(c)(4)). 



m 
m 



A translation of the 
(35 U.S.C. 371(c)(5)). 



to the International Preliminary Examination Report under PCT Article 36 



Items 1 !. to 16. below concern document(s) or information included: 

1. Q An Information Disclosure Statement under 37 CFR 1.97 and 1.98. 

-■ EH A" assignment document for recording. A separate cover sheet in compliance wit 

3. [3 A FIRST preliminary amendment. 

PI A SECOND or SUBSEQUENT preliminary amendment. 

-». [^] A substitute specification. 

5. A change of power of attorney and/or address letter. 

16- OD Other items or information: International Search Report 



7 CFR 3.28 and 3.3 1 is included. 



09/937276 

JC16 Rec'd PCT/PTO SEP 2 4 2001 



IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICANT: JEAN-PIERRE SENET, ET AL 
FILED: 

FOR: PROCESS FOR PREPARING ALIPHATIC FLUOROFORMATES 

CASE: BA-22788 
GROUP : 
EXAMINER: 

PRELIMINARY AMENDMENT 

Asst. Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Preliminary to examination of the application filed 
contemporaneously herewith, please amend the application as 
follows : 

In The Abstract 

Attached please find a copy of the Abstract of The 
Disclosure to be attached to the Specification as the last 
page following the claims. 

In The Claims 

Please cancel claims 1 to 19, without prejudice and 
substitute therefor the following claims 20 to 40: 

— 20 . (New) Process for preparing an aliphatic 

f luoroformate from an aliphatic alcohol, characterized in 

that carbonyl fluoride is reacted with the aliphatic 



alcohol, in a solvent chosen from ethers, at a temperature 
of between -20 °C and 50 °C, in the presence of sodium 
fluoride which is in the form of a powder whose grains have 
a specific surface of greater than or equal to 0.1 m 2 /g. 

21. (New) Process according to Claim 20, characterized in 
that the grains of sodium fluoride have an average diameter 
of less than or equal to 20yum. 

22. (New) Process according to Claim 20, characterized in 
that the carbonyl fluoride is introduced gradually into the 
reaction medium which contains the alcohol. 

23. (New) Process according to Claim 20, characterized in 
that the amount of carbonyl fluoride used is from 1.1 to 2 
mol per mole of alcohol. 

24. (New) Process according to Claim 20, characterized in 
that the carbonyl fluoride is obtained by reacting phosgene, 
diphosgene or triphosgene, or a mixture thereof, with an 
excess of sodium fluoride powder whose grains have a 
specific surface of greater than or equal to 0.1 m 2 /g and/or 
an average diameter of less than or equal to 20 yum, in a 
solvent chosen from polar aprotic solvents, at a temperature 
of between 25 °C and 120 °C, and after passage of the gases 
present into a condenser whose temperature is between 0°C 
and -50°C. 

25. (New) Process according to Claim 20, characterized in 
that the amount of sodium fluoride used during the reaction 
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of the alcohol with carbonyl fluoride is between 1.1 and 2 
mol per mole of the alcohol. 

26. (New) Process according to Claim 20, characterized in 
that for the reaction of the alcohol with carbonyl fluoride, 
the solvent is chosen from tert-butyl methyl ether, dioxane, 
tetrahydrofuran, 2-methyletrahydrofuran, dibenzyl ether, 
ethylene glycol dimethyl ether and polyethylene glycol 
dimethyl ethers. 

27. (New) Process according to Claim 20, characterized in 
that the f luoroformate obtained is purified by treating 

it with an alkaline fluoride. 

28. (New) Process according to Claim 20, characterized in 
that 1 to 3% by weight of dimethyl formamide is added to the 
f luoroformate solution. 

29. (New) Process according to Claim 23, characterized in 
that, when it is a solid, the f luoroformate is obtained in 
crystalline form by adding to the f luoroformate solution a 
compound which does not dissolve the f luoroformate, chosen 
from a polar aprotic solvents, after which the f luoroformate 
is made to precipitate. 

30. (New) Process for preparing carbonyl fluoride, 
characterized in that phosgene, diphosgene or triphosgene, 
or a mixture thereof, is reacted with an excess of sodium 
fluoride powder whose grains have a specific surface of 



greater than or equal to 0.1 m 2 /g and/or an average diameter 
of less than or equal to 20 yum, in a solvent chosen from 
polar aprotic solvents, at a temperature of between 25 °C 
and 120 °C, and the gases present are then passed into a 
condenser whose temperature is between 0°C and -50 °C. 

31. (New) Process according to Claim 30, characterized 
in that the grains of sodium fluoride have a specific 
surface of greater than or equal to 0.1m 2 /g. 

32. (New) Process according to Claim 30, characterized 
in that the grains of sodium fluoride have an average 
diameter of less than or equal to 20/um. 

33. (New) Process according to Claim 30, characterized 
in that the amount of sodium fluoride reacted with the 
phosgene is from 3 to 5 mol per mole of phosgene. 

34. (New) Process according to Claim 30, characterized in 
that the phosgene and/or its precursors are introduced 
gradually. 

35. (New) Process according to Claim 30, characterized 
in that the solvent is acetonitrile. 

36. (New) Process according to Claim 30, characterized in 
that it is performed with anhydrous compounds and under 
anhydrous conditions. 

37. (New) Process according to Claim 30, characterized in 
that the liquids condensed by the condenser are recycled 
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into the reaction medium. 

38. (New) Process according to Claim 30, characterized in 
that phosgene is reacted with sodium fluoride. 

39. (New) Use of the carbonyl fluoride prepared according 
to Claim 30 to form an aliphatic fluoro formate, 
characterized in that the said carbonyl fluoride is reacted 
with an aliphatic alcohol. 

40. (New) Process according to Claim 20, characterized in 
that the aliphatic alcohol is chosen from the group compris- 
ing tert-butanol, benzyl alcohol, adamantanol, fluorenyl- 
methanol, tert-amyl alcohol and allyl alcohol. — 



REMARKS 

By the present Preliminary Amendment the applicants 
have cancelled original claims 1 to 19 and added new claims 
20 to 40. 

It is respectfully submitted that claims 20 to 40 are 
in condition for examination on the merits and such action 
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is respectfully requested. 

Respectfully submitted, 
BUCKNAM AND ARCHER 
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WO 00/59859 PCT/FR00/00662 
Process for preparing aliphatic f luorof ormates 

The present invention relates to a process for 
preparing aliphatic f luorof ormates by reacting alcohols 
with carbonyl fluoride. The invention relates in 
particular to the preparation of f luorof ormates by 
means of carbonyl fluoride obtained from phosgene. 

Fluorof ormates are known compounds, which are 
useful as intermediate products in particular for 
forming alkyl fluorides. Some are particularly useful 
for protecting the amino group of amino acids . 

Fluorof ormates can be prepared by halogen 
exchange, starting with the analogous chlorof ormates, 
by reacting them with potassium fluoride. However, this 
method cannot be used when the compounds are unstable 
or contain reactive carbons or functions in the 
molecule . 

Several other processes for preparing 
fluorof ormates have been proposed, but they are not 
entirely satisfactory. According to one of the oldest 
processes, described in French patent No. 1 549 815, 
the preparation of t-butyl fluorof ormate is carried out 
by reacting carbonyl f luorochloride or f luorobromide 
with tert-butanol, but this process has several 
drawbacks. Carbonyl f luorochloride and f luorobromide 
are very difficult to prepare and are consequently very 
uncommon. The temperature at the start of the reaction 
should be very low, in the region of -70°C, and a 
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complex temperature cycle from -70°C to 0°C should then 
be carried out, which results in very high operating 
costs. The f luorof ormate obtained is impure on account 
of the by-products formed or the unconverted starting 
5 material . 

According to another process, the reaction of 
the alcohol is carried out with a mixture of phosgene 
and of fluoro phosgenes, in the presence of isobutylene 
and under high pressures, as described in French patent 
10 No. 2 010 922, but in this case specific plants are 
required. 

According to European patent No. 176,412, 
f luorof ormates are prepared by reacting an alpha- chloro 
carbonate with an alkaline fluoride, but the 

15 preparation of the starting carbonate requires an 
additional starting material and several steps. 
Furthermore, the reaction of the carbonate with the 
fluoride produces the f luorof ormate with an aldehyde 
which needs to be removed. 

2 0 Laboratory tests for preparing f luorof ormates , 

starting with phosgene, have been carried out. Phosgene 
was mixed at a temperature of -78°C with sodium 
fluoride, in a solvent mainly comprising sulfolane, and 
the resulting products were then reacted with potassium 

25 fluoride and the alcohol, but the results obtained 
could not be reproduced. 

There was consequently a need for a process for 
preparing aliphatic f luorof ormates which is simple, 
reproducible and which makes it possible to obtain 



f luorof orraates in good yields and with good stability. 
A process has now been discovered which has these 
characteristics . 

According to the process of the invention, 
5 carbonyl fluoride is reacted with an aliphatic alcohol, 
in the presence of sodium fluoride, in a solvent chosen 
from ethers, at a temperature of between about -20°C 
and about 5 0°C. 

The term "aliphatic" should be understood as 
10 covering saturated or unsaturated, substituted or 
unsubstituted, aliphatic, cycloaliphatic and 

araliphatic radicals. 

The process is particularly suitable for 
preparing tert-butyl, benzyl, adamantyl, fluorenyl- 
15 methyl, tert-amyl or allyl f luorof ormate . 

The f luorof ormate yields obtained by means of 
this process are excellent. The degree of conversion 
can be in the region of 100%. 

The amount of carbonyl fluoride used relative 
2 0 to the alcohol is preferably from 1.1 to 2 mol per mole 
of alcohol and more particularly from 1.1 to 1.5 mol 
per mole. 

The reaction of carbonyl fluoride with the 
alcohol is preferably carried out in the presence of an 
25 amount in the region of the stoichiometry and better 
still in an excess of sodium fluoride. In particular, 
an amount of from 1.1 to 2 mol of sodium fluoride per 
mole of alcohol is used, and even more preferably 
greater than 1.15 mol per mole of alcohol are used. 
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It has moreover been found that it is 
preferable to use the sodium fluoride in the form of a 
powder whose grains have a specific surface of greater 
than or equal to 0.1 m 2 /g, and/or an average diameter of 
5 less than or equal to 20 fim. Preferably, the grains 
have a specific surface of greater than or equal to 
0.1 m 2 /g and even more preferably also have an average 
diameter of less than or equal to 20 lim- 
it has also been found that it is preferable to 

10 react the carbonyl fluoride gradually with the alcohol 
and also to add it to the reaction medium which 
contains the alcohol . Contrary to what might be 
expected, the symmetrical carbonate, which is a by- 
product of the reaction, is not formed, which is 

15 surprising since at the start of the reaction there is 
a deficit of carbonyl fluoride relative to the alcohol. 

The ethers which are used as solvent in the 
reaction of carbonyl fluoride with the alcohol are 
cyclic or acyclic and are, for example, tert-butyl 

20 methyl ether, dioxane, tetrahydrofuran, 2 -methyl - 
tetrahydrofuran, dibenzyl ether, ethylene glycol 
dimethyl ether and polyethylene glycol dimethyl ethers 
(glymes) . Dimethoxyethane and tetraethylene glycol 
dimethyl ether are particularly suitable. 

25 The amount of solvent for this reaction is 

generally from 1 to 3 litres of solvent per kilogram of 
f luorof ormate to be obtained. 

The reaction temperature is preferably between 
about -5°C and 4 0°C. 



It is preferable to carry out the reaction with 
anhydrous compounds and under anhydrous conditions. 

It has furthermore been found that, contrary to 
the indications of the prior art, it is important, in 
5 order to obtain the best results, and in particular 
excellent yields, for the carbonyl fluoride to be of 
very high purity and in particular virtually free of 
chloro compounds such as, in particular, phosgene and 
carbonyl f luorochloride (C0FC1) . 

10 One subject of the present invention is 

consequently also the preparation of carbonyl fluoride 
of very high purity, which is particularly useful for 
reacting with aliphatic alcohols as described above. 

According to this process, the carbonyl 

15 fluoride is obtained by reacting phosgene, diphosgene 
or triphosgene, or a mixture thereof, with an excess of 
sodium fluoride powder whose grains have a specific 
surface of greater than or equal to 0.1 m 2 /g and/or an 
average diameter of less than or equal to 20 tim, in a 

2 0 solvent chosen from polar aprotic solvents, at a 
temperature of between about 25°C and about 12 0°C, 
followed by passing the gases present into a condenser 
whose temperature is between about 0°C and about -50°C. 

By performing the process for preparing 

2 5 carbonyl fluoride under this set of conditions, the 
carbonyl fluoride obtained at the condenser outlet is 
of very high purity, contains no carbonyl fluoro- 
chloride and virtually no phosgene. 
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The absence of these two gases is particularly 
advantageous since this thus avoids the formation of 
chloroformates as by-products, which previously led to 
a reduction in the f luorof ormate yields obtained. 
5 Furthermore, chloroformates are compounds that are 
highly unstable and the risks of violent decomposition 
are thus avoided. 

The characteristics of the sodium fluoride 
powder are important for satisfactory implementation of 

10 this process. The reason for this is that it has been 
found that when the grains of sodium fluoride do not 
have the characteristics described above, the purity of 
the carbonyl fluoride is markedly lower and the yields 
of carbonyl fluoride and of f luorof ormates are markedly 

15 lower. 

Preferably, the grains of sodium fluoride have 
a specific surface of greater than 0.1 m 2 /g and even 
more preferably also have an average diameter of less 
than 20 fxm. 

20 The sodium fluoride powder should be in excess 

relative to the phosgene. Preferably, an amount of from 
3 to 5 mol of sodium fluoride per mole of phosgene is 
used. 

The solvent, which is of course inert with 
2 5 respect to the reagents, is chosen from solvents which 
are aprotic and polar, i.e. solvents whose dielectric 
constant is greater than 10 and preferably greater than 
20. Aliphatic nitriles are suitable for use. 
Acetonitrile is preferably used. 
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The temperature of the reaction medium is 
preferably between about 35°C and 80°C. The temperature 
of the condenser is in particular between about -2 0°C 
and -40°C. 

5 The phosgene and/or its precursors are 

preferably introduced gradually into the reaction 
medium. Phosgene is generally used in gaseous form. It 
can also be introduced in the form of a solution in the 
solvent . 

10 Diphosgene or triphosgene are generally 

introduced in liquid phase, optionally in solution in 
the solvent, in amounts that are sufficient to give the 
desired amount of phosgene. 

The reaction is preferably carried out with 

15 anhydrous compounds and under anhydrous conditions. 

The carbonyl fluoride obtained at the condenser 
outlet contains no carbonyl f luorochloride . It contains 
infinitesimal amounts of phosgene. Its purity, 
determined by gas chromatography, is usually greater 

20 than 99% and its yield is generally greater than 95%. 

This carbonyl fluoride can be used directly to 
prepare f luorof ormates and is preferably reacted 
progressively as it forms. The reaction of phosgene 
with sodium fluoride is then carried out in a first 

25 reactor, at a temperature preferably between about 35°C 
and 80°C. An at least stoichiometric amount of phosgene 
is used relative to the alcohol which it is desired to 
convert, and preferably from 1.1 to 2 mol of phosgene 
per mole of the alcohol . 



The amount of sodium fluoride which is reacted 
with phosgene is, in this case, preferably from 3 to 
6 mol per mole of the alcohol to be converted and the 
amount of solvent for this first reaction is generally 
from 0.3 to 0.6 litre per mole of the alcohol. 

The gases which are evolved from the reaction 
medium pass through the condenser and are introduced 
progressively into the solution of the alcohol 
contained in the second reactor. 

The temperature of the condenser is preferably 
between about -2 0°C and -40°C. The liquids condensed by 
the condenser are generally recycled into the first 
reactor. 

The sodium fluoride used in the second reactor 
is preferably a sodium fluoride which has the same 
characteristics as that used in the first reactor. 

This preferred method for preparing fluoro- 
formates has great advantages. The manipulations are 
reduced. The process is simpler and more cost- 
effective. The yields are excellent and close to 100%. 

The process using phosgene generally lasts a 
few hours. When the reaction is complete, the 
f luorof ormate solution is separated from the reaction 
medium, generally by filtration. 

In order to obtain even purer f luorof ormate, it 
can be treated with an alkaline fluoride, preferably 
with sodium fluoride which in particular has the same 
particle size characteristics as described above. This 
treatment is generally carried out with the fluoro- 



formate in solution. The purification can also be 
perfected by carrying out distillation. 

A means has also been found for obtaining very 
pure f luorof ormates which are solid at room 
5 temperature, generally about 2 0°C, in crystalline form. 
To do this, a compound which does not dissolve the 
f luorof ormate, chosen from aprotic apolar solvents, in 
particular with a dielectric constant of less than 10, 
and preferably chosen from alkanes such as pentane, 

10 hexane and heptane and in particular Isopar G or 
Essence G, is added to the f luorof ormate solution and 
the solution is then cooled in order to make the 
f luorof ormate precipitate. Its purity, determined by 
analyses, is then generally greater than 99%. 

15 it may be advantageous to conserve the fluoro- 

f ormates, which are generally unstable, in solution. It 
has been discovered that the stability of fluoro- 
f ormates in solution is considerably improved when 
about 1 to 3% by weight of dimethyl formamide relative 

2 0 to the f luorof ormate is added to the solution which it 
is desired to conserve. This solution can thus be 
conserved for several months . 

The f luorof ormate in solution can be used 
directly to carry out other reactions such as, for 

2 5 example, the reaction with amino acids. 

The process is illustrated by the examples 
which follow. 

Except where otherwise mentioned, in these 
examples, the reactions for preparing the fluoro- 
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formates and the carbonyl fluoride are carried out with 
anhydrous compounds and apparatus and under anhydrous 
conditions . 

5 EXAMPLE 1 : Preparation of tert-butyl f luorof ormate with 
preparation of carbonyl fluoride 

189 g (4.5 mol) of sodium fluoride powder whose 
grains have an average diameter of 8.6 fim and a 
specific surface of 0.27 m 2 /g and 340 ml of acetonitrile 

10 are placed in a first reactor. Mounted on this first 
reactor is a condenser maintained at -30°C, which is 
connected to a second reactor in which are placed 74 g 
(1 mol) of tert-butanol and 49 g (1.17 mol) of sodium 
fluoride of the same characteristics as above and 150 

15 ml of tetraglyme ( tetraethylene glycol dimethyl ether) , 
and the two reactors are equipped with a stirring 
system. The first reactor is heated to a temperature of 
50°C and the second reactor is maintained at a 
temperature of about +5°C. 148.5 g (1.5 mol) of gaseous 

20 phosgene are introduced gradually into the solvent 
medium over about 4 hours. The gases leaving the 
condenser are analysed by gas chromatography and mass 
spectroscopy. No trace of carbonyl f luorochloride is 
found and only traces of less than 0.1% by mass of 

25 phosgene are found. The purity of the carbonyl fluoride 
is greater than 99%. The yield determined by analysis 
of the remaining salts is 98%. 

When the production of the tert-butyl fluoro- 
f ormate is complete, the gases are removed by a stream 
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of nitrogen. The contents of the second reactor are 
filtered and the cake is rinsed with a few millilitres 
of tetraglyme . 

By X H NMR analysis, it is found that the 
conversion into tert-butyl f luorof ormate is 100%. 

EXAMPLE 2 : Preparation of tert-butyl f luorof ormate 

For this example, the purest carbonyl fluoride 

sold in steel bottles and under pressure by the company 

Union Carbide is used. 

This bottle is connected to a reactor of the 

same type as the second reactor in the above example, 

which contains the same amounts of compounds with the 

same characteristics, and the process is performed 

under the same conditions. 1 mol of carbonyl fluoride 

is gradually introduced. 

It is found that the conversion (determined by 

X H NMR analysis) into tert-butyl f luorof ormate is thus 

93%. 

EXAMPLE 3 : Preparation of tert-butyl f luorof ormate 

3 0 g (0.7 mol) of sodium fluoride whose grains 
have an average diameter of 15 (J.m and a specific 
surface of 0.2 m 2 /g and 76 ml of acetonitrile are placed 
in a first reactor, and 11.1 g (0.15 mol) of tert- 
butanol, 11 g (0.26 mol) of sodium fluoride having the 
same characteristics as that in the first reactor and 
25 ml of monoglyme ( dime thoxy ethane) are placed in a 
second reactor. The two reactors are connected as 
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previously by means of a condenser at -30°C. The first 
reactor is heated to a temperature of from 55°C to 60°C 
and the second reactor is maintained at a temperature 
of from 20°C to 25°C. 18.5 g (0.19 mol) of phosgene gas 
5 are introduced into the reaction medium over three 
hours. When the reaction is complete, a stream of 
nitrogen is passed through. The reaction mixture 
obtained from the second reactor is filtered through a 
prelayer of sodium fluoride having the same 

10 characteristics. The cake is rinsed with a few 
millilitres of monoglyme. tert-Butyl f luorof ormate in 
solution in the monoglyme is thus collected. The amount 
of this f luoroformate obtained, determined by gas 
chromatography analysis, is 18 g, i.e. a yield of 100%. 

15 0.36 g of dimethylf ormamide is added to this solution. 
The solution can be conserved for 6 months at a 
temperature of between 0°C and 5°C. 

EXAMPLE 4 : Preparation of tert-butyl f luorof ormate 
20 75.6 g (1.8 mol) of sodium fluoride whose 

grains have an average diameter of 12 fim and a specific 
surface of 0.23 m 2 /g and 100 ml of acetonitrile are 
placed in the first reactor. 22.2 g (0.3 mol) of tert- 
butanol, 14.7 g (0.35 mol) of sodium fluoride identical 
25 to that in the first reactor and 40 ml of tetraglyme 
are placed in the second reactor. The first reactor is 
heated to 80°C, the condenser is maintained at a 
temperature of -30°C and the second reactor is 
maintained at a temperature of 5°C. 44.6 g (0.15 mol) 
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of triphosgene in 100 ml of acetonitrile are introduced 
into the first reactor in less than one hour. The 
mixture is left to react for two hours and the 
f luorof ormate formed is assayed by ^ NMR . The 
5 conversion into tert-butyl f luorof ormate is 100%. 

In another test, the triphosgene was replaced 
with an equivalent amount of diphosgene . The results 
obtained are identical. 

10 EXAMPLE 5 : Preparation of benzyl f luorof ormate 

The process is performed as in Example 1 with, 
in the first reactor, 168 g (4 mol) of sodium fluoride 
powder having the same characteristics as described in 
Example 1 and 320 ml of acetonitrile and, in the second 
15 reactor, 108 g (1 mol) of benzyl alcohol, 50.5 g 
(1.2 mol) of sodium fluoride of the same 
characteristics as above and 150 g of dimethoxyethane . 

After introduction of 12 0 g of phosgene, 
degassing and filtration of the suspension contained in 
2 0 the second reactor, the solvent is removed by 
evaporation under reduced pressure and a fractional 
distillation is then carried out. 137 g of benzyl 
f luorof ormate are thus collected (89% yield) as a 
colourless liquid, the characteristics of which are as 
25 follows: 

Boiling point: 64°C/4 mmHg, 

1 H NMR (CC1 4 ) 5 : 7.42 (s, 5H) , 5.25 (s, 2H) 



EXAMPLE 6 : Preparation of 1-adamantyl f luorof ormate 
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The process is performed as in the preceding 
example, the sodium fluoride used being identical, but 
with 84 g (2 mol) of sodium fluoride and 17 0 g of 
acetonitrile in the first reactor and 76 g (0.5 mol) of 
1-adamantanol, 25 g (0.6 mol) of sodium fluoride and 
100 g of dime thoxy ethane in the second reactor. 

After introduction of 62 g of phosgene, 
degassing and filtration of the suspension contained in 
the second reactor, the solvent is removed by 
evaporation at 45°C under 0.1 mmHg. 90 g (91% yield) of 
1-adamantyl f luorof ormate are thus collected as a solid 
product having the following characteristics: 
Melting point: 32-33°C, 
IR spectrum: 1830 cm" 1 . 

EXAMPLE 7 : Preparation of 9-f luorenylmethyl 

f luorof ormate (Fmoc-F) 

The process is performed as in Example 1, but 
with sodium fluoride whose grains have an average 
diameter of 9.5 and a specific surface of 0.2 5 m 2 /g. 

The first reactor contains 160 g (3.8 mol) of 
sodium fluoride and 310 ml of acetonitrile and the 
second reactor contains 196 g (1 mol) of 99.5% (HPLC) 
9-f luorenylmethanol, 5 0 g (1.19 mol) of sodium fluoride 
and 340 g of dimethoxyethane . After introduction of 
12 0 g of phosgene into the first reactor, degassing and 
filtration of the contents of the second reactor, about 
57 0 g of a clear solution of light brown colour are 
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collected. The conversion into Fmoc-F (determined by 
J H NMR analysis) is 100%. 

200 ml of Isopar G heated to 50°C are added to 
200 g of the above solution, also heated to 50°C, and 
5 the resulting mixture is concentrated to 220 ml while 
keeping the temperature above 30°C throughout. This 
mixture is then filtered through Celite at a 
temperature still above 30°C and the cake is rinsed 
with 50 ml of essence G at a temperature above 3 0°C. 

10 The filtrate is then cooled slowly to 0°C and the 
crystals obtained are filtered off and rinsed twice 
with essence G at 0°C (100 ml and 50 ml) . After drying 
at 20-30°C, 58.5 g (69% overall yield) of a white 
crystalline product with a melting point of 41°C and an 

15 Fmoc-F titre of greater than 99% (determined by HPLC 
analysis) are obtained. 

EXAMPLE 8 : Preparation of tert-butyl f luorof ormate 

The process is performed as in Example 1, but 
2 0 using a sodium fluoride powder whose grains have a 
specific surface of 0.19 m 2 /g and an average diameter of 
32 Mm. 

The conversion (determined by 1 H NMR analysis) 
into tert-butyl f luorof ormate is 67%. 

25 



Comparative example : Preparation of tert-butyl 
f luorof ormate 
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The process is performed as in Example 1, but 
using a sodium fluoride powder whose grains have a 
specific surface of 0.09 m 2 /g. 

The conversion (determined by ^ NMR analysis) 
5 into tert-butyl f luorof ormate is only 40%. 



26-01-2001 
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FR 000000662 



Claims 

1. Process for preparing an aliphatic 
f luoroformate from an aliphatic alcohol, characterized 

5 in that carbonyl fluoride is reacted with the aliphatic 
alcohol, in a solvent chosen from ethers, at a 
temperature of between -20°C and 50°C, in the presence 
of sodium fluoride which is in the form of a powder 
whose grains have a specific surface of greater than or 
10 equal to 0 . 1 m 2 /g. 

2. Process according to Claim 1, characterized in 
that the grains of sodium fluoride have an average 
diameter of less than or equal to 20 Lim. 

3. Process according to Claim 1 or 2, 
15 characterized in that the carbonyl fluoride is 

introduced gradually into the reaction medium which 
contains the alcohol . 

4 . Process according to any one of the preceding 
claims, characterized in that the amount of carbonyl 

20 fluoride used is from 1.1 to 2 mol per mole of alcohol. 

5 . Process according to any one of the preceding 
claims, characterized in that the carbonyl fluoride is 
obtained by reacting phosgene, diphosgene or 
triphosgene, or a mixture thereof, with an excess of 

2 5 sodium fluoride powder whose grains have a specific 
surface of greater than or equal to 0.1 m 2 /g and/or an 
average diameter of less than or equal to 2 0 ^tm, in a 
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solvent chosen from polar aprotic solvents, at a 
temperature of between 25°C and 12 0°C, and after 
passage of the gases present into a condenser whose 
temperature is between 0°C and -50°C. 
5 6 . Process according to any one of the preceding 

claims, characterized in that the amount of sodium 
fluoride used during the reaction of the alcohol with 
carbonyl fluoride is between 1.1 and 2 mol per mole of 
the alcohol. 

10 7. Process according to any one of the preceding 

claims, characterized in that for the reaction of the 
alcohol with carbonyl fluoride, the solvent is chosen 
from tert-butyl methyl ether, dioxane, tetrahydrofuran, 
2-methyltetrahydrofuran, dibenzyl ether, ethylene 

15 glycol dimethyl ether and polyethylene glycol dimethyl 
ethers . 

8. Process according to any one of the preceding 
claims, characterized in that the f luorof ormate 
obtained is purified by treating it with an alkaline 

2 0 fluoride. 

9 . Process according to any one of the preceding 
claims, characterized in that 1 to 3% by weight of 
dimethyl formamide is added to the f luorof ormate 
solution . 

25 10. Process according to any one of the preceding 

claims, characterized in that, when it is a solid, the 
f luorof ormate is obtained in crystalline form by adding 
to the f luorof ormate solution a compound which does not 
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dissolve the f luorof ormate, chosen from a polar aprotic 
solvents, after which the f luorof ormate is made to 
precipitate. 

11. Process for preparing carbonyl fluoride, 
5 characterized in that phosgene, diphosgene or 

triphosgene, or a mixture thereof, is reacted with an 
excess of sodium fluoride powder whose grains have a 
specific surface of greater than or equal to 0.1 m 2 /g 
and/or an average diameter of less than or equal to 
10 20 ^m, in a solvent chosen from polar aprotic solvents, 
at a temperature of between 25°C and 120°C, and the 
gases present are then passed into a condenser whose 
temperature is between 0°C and -50°C. 

12. Process according to Claim 5 or 11, 
15 characterized in that the grains of sodium fluoride 

have a specific surface of greater than or equal to 
0.1 m 2 /g. 

13. Process according to Claim 5, 11 or 12, 
characterized in that the grains of sodium fluoride 

2 0 have an average diameter of less than or equal to 
20 jam. 

14. Process according to any one of Claims 5 and 11 
to 13, characterized in that the amount of sodium 
fluoride reacted with the phosgene is from 3 to 5 mol 

25 per mole of phosgene. 

15. Process according to any one of Claims 5 and 11 
to 14, characterized in that the phosgene and/or its 
precursors are introduced gradually. 
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16. Process according to any one of Claims 5 and 11 
to 15, characterized in that the solvent is 
acetonitrile . 

17. Process according to any one of the preceding 
5 claims, characterized in that it is performed with 

anhydrous compounds and under anhydrous conditions. 

18. Process according to any one of Claims 5 and 11 
to 17, characterized in that the liquids condensed by 
the condenser are recycled into the reaction medium. 
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Declaration, Power of Attorney, and Petition BA 22788 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint 
inventor<4fphiral names are listed below) of the subject matter which is claimed and forwhich a patent is sought on the inven- 
tion entitled .". PROCESS FOR PREPARING AL.IPHATIC...ELUORQFORMATES 



the specification of which 

(check one) □ is attached hereto. □ was filed on as 

Application Serial No and was amended on (if applicable). 

1 hereby state that I have reviewed and understand the contents of the above identified specification, including the 
claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to the examination of this application in 
accordance with Title 37, Code of Federal Regulations, § 1.56(a). 

I hereby claim foreign priority benefits under Title 35, United States Code § 1 19 of any foreign application(s) for 
patent or inventor's certificate listed below and have also identified below any foreign application lor patent or inventor's 
certificate having a filing date before that of the application on which priority is claimed: 

Prior Foreign Application(s) 

Priority claimed 

99 04125 FRANCE 02/04/19.99 . 



a 


□ 


Yes 


No 


□ 


□ 


Yes 


No 


□ 


D 


Yes 


No 



I hereby claim the benefit under Title 35, United States Code, § 1 20 of any United States application(s) listed below 
and insofar as the subject matter of each of the claims of this application is not disclosed in the prior United States 
application in the manner provided by the first paragraph of Title 35, U nited States Code, § 1 1 2, 1 acknowledge the duty 
to disclose material information as defined in Title 37, Code of Federal Regulations, § 1 .56(a) which occurred between 
the filing date of the prior application and the national or PCT international filing date of this application: 



1 hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 1 00 1 of Title 
18 of the United States Code and that such willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 

And 1 hereby appoint 

CC Ralph E. Bucknam, Reg. No. 14 ,814, Fernanda M. Fiordalisi, Reg. No. 20,93.8,-, 
J " of BUCKNAM AND ARCHER, Joseph J . Orlando, Reg. No. 25^21^8 
600 Old Country Road, Garden City, Ne%v York 11530 - 
Tel. No. (516) 222-8885 

my attorney with full power of substitution and revocation, to prosecute this application and to transact all business in 
the Patent and Trademark Office connected therewith. 

Wherefore I pray that Letters Patent be granted to me for the invention or discovery described and claimed in the 
foregoing specification and claims, and I hereby subscribe my name to the foregoing specification and claims, 
declaration, power of attorney, and this petition. 

, Full name of sole or first inventor .vf..eajL-PJ-er_r > g.. ..SEN.EX^- 

V Inventor's signature ^^^^ Date Mj« J 

Residence LA- CH-AP-E-LL-E - LA ■- RE-INE- 

Citizenship EJTA.X.C \L 



Post Office Address .7.9-, r ue do la Care H-ER-VEAU V-TLLIERS-BUT^HTERS 

/ 7..7..7.60.....LA....GH APELiE^iA^EiJiE < -FRANCE ) -/^ >-^' 

y '"^ Full name of second joint inventor, if any Ger a rjl^-SEN-N-Y- 



Second Inventor's signature .J^p^rT. Date M<™.l:± r ...U^>3 

Residence GX.E.-S.UR...-Y..VETTE ... ^....^.yf^. ? 

Citizenship FRANCE • 

Post Office Address 1.., r-ue de- • U -E-t a p e S A I N'l : •• A U-BI-N 9 I I 90 - G I F - SUR ; ■- 

( FRANCE) ./.LX. 

(Supply similar information and signature for third and subsequent joint inventors.) 
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Declaration, Power of Attorney, and Petition r% , , y - . ^ 

As a below named inventor, I hereby declare that: J 
My residence, post office address and citizenship are as stated below next to my name, 

I believe X am the original, first anisole inventor (if only-one name is listed below) or an originar, first and joint 

inventor (if plural names are listed below) of the subject matter which is claimed and ifor ^hicb a patent is sought on the inven- 
tion entitled PROCESS FOR PREPARING ALIPHATIC...]? I-UOROFORMAl ^ b 



the specification of which 

(check one) Q is attached hereto. □ was filed on as ^ 

Application Serial No and was amended on (if applicable,. 

I hereby state that 1 have reviewed and understand the contents of the above identified specification, including the 
claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to the examination of this application in 
accordance with Title 37, Code of Federal Regulations, § 1.56(a). 

I hereby claim foreign priority benefits under Title 35, United States Code § 1 19 of any foreign application(s) for 
patent or inventor's certificate listed below and have also identified below any foreign application for patent or inventor s 
certificate having a filing date before that of the application on which priority is claimed: 



FRANCE "02/04/1999 



Prior Foreign Application(s) 

Priority claimed 

LI □ 

Yes No 

□ □ 

Yes No 

n □ 

Yes No 



I hereby claim the benefit under Title 35, United States Code, § 120 of any United States application(s) listed below 
and insofar as the subject matter of each of the claims of this application is not disclosed in the prior United States 
application in the manner provided by the first paragraph of Title 35, United States Code, § 1 1 2, 1 acknowledge the duty 
to disclose material information as defined in Title 37, Code of Federal Regulations, § 1.56(a) which occurred between 
the filing date of the prior application and the national or PCT international filing date of this application: 



1 hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were made with the knowledge that 
willful false statements and the like so made are punishable by fine or imprisonment, or both, under Section 100 1 of Title 
1 8 of the U nited States Code and that such willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 

And I hereby appoint 

Ralph E. Bucknam, Reg. No. 14,814. Fernanda M. Fiordalisi, Reg. No. 20,938, 
of BUCKNAM AND ARCHER, 

600 Old Country Road, Garden City, New York 1 1530 - 
Tel. No. (516) 222-8885 

my attorney with full power of substitution and revocation, to prosecute this application and to transact all business in 
the Patent and Trademark Office connected therewith. 

Wherefore I pray that Letters Patent be granted to me for the invention or discovery described and claimed in the 
( foregoing specification and claims, and I hereby subscribe my name to the foregoing specification and claims, 
declaration, power of attorney, and this petition. 

Full name of sole or first inventor JtJyJU^^7r^M,^j^Qfi^ L:E ; .^....^...y^...^.~~~ 

Inventor's signature - - : W---., ~- • Date IK. M../*l.....fL£.P | 

Residence .BR.OU-X »--- — 



Full name of second joint inventor, if any 

Second Inventor's signature 
Residence 

Citizenship .EiLAJJCE. 

Post Office Address W T -a.v«»a«-Giva-fe-e**~4e -^ a ^ e ^"--^-2«^-A-KiiS S sMQJfS----f FR-AW CE ] 



(Supply similar information and signature for third and subsequent joint inventors.) 



